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Re: 
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Dear Sir: 

Transmitted herewith are the following documents in the above-identified application: 

(1) Transmittal Letter (1 page); 

(2) Reply Brief (1 1 pages in triplicate). 



The information contained in this message is intended only for the personal and confidential use of the designated reclplent(s) 
named above This message may be an attorney-client communication and may be protected by the work product doctrine. As 
such, this document Is privileged and confidential. If tne reader of this message Is not the intended recipient, you are hereby 
notified that you have received this document in error and that any review, dissemination, distribution, or copying of this 
message is strictly prohibited. If you have received this communication in error, please notify us Immediately by telephone and 
destroy any copies of this document fn your possession. Thank you. 
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Re: 



Applicant(s): 

Assignee: 

Title: 

Serial No.: 
Examiner: 

Docket No.: 



Stephen A. Stockman; Serge L. Rudaj?; Mira S. Misra 

Lumileds Lighting U.S., LLC 

Forming Low Resistivity P-Type Gallium Nitride 

09/846,980 

Matthew J. Song Filed: April 30, 2001 

M-9635 US Group Art Unit: 1 765 



Dear Sir: 

Transmitted herewith are the following documents in the above-identified application: 

(1) This Transmittal Letter (1 page); 

(2) Reply Brief Under 37 CFR § 1 ,193 (1 1 pages in triplicate). 

O No additional fee is required. 

□ The fee has been calculated as shown below: 



El 


Conditional Petition for Extension of Time: If an extension of time is required for 
timely filing of the enclosed documents) after all papers filed with this transmittal have 
been considered, an extension of time is hereby requested. 




El 


Also, charge any additional fees required and credit any overpayment to our Deposit 
Account. No. 502226. 






Total: $ 


0.00 









Certification of Facsimile Transmission 

1 hereby certify that this paper is being facsimile transmitted to 
the US, Patent and Trademark Office cm the date .shown below. 




Respectfully submitted, 



Date / 



Rachel V. Leiterman 
Attorney for Applicant(s) 
Reg. No. 46,868 
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tn The United States Patent And Trademark Office 

Applicants: Stephen A. Stockman; Serge L. Rudaz; Mira S. Misra^. 

Assignee: Lumileds Lighting U.S. LLC \Jtjf jf 

Title: Forming Low Resistivity P-Type Gallium Nitride 

Serial No.: 09/846,980 Filing Date: April 30, 2001 

Examiner: Matthew J. Song Group Art Unit: 1765 

Docket No.: M-9635US 



" ~ San Jose, California 

August 23, 2004 

Mail Stop Appeal Brief-Patents 
Commissioner for Patents 
P. <X Box 1450 
Alexandria, VA 22313-1450 

REPLY BRIEF UNDER 37 CFR S 1.193 

Dear Sir: 

Applicants submit this Reply Brief pursuant to 37 CJF-R. 1 -193(b), in response to the 
Examiner's Answer mailed June 21 , 2004. The Commissioner is hereby authorized to deduct 
any amounts required for this reply brief and to credit any amounts overpaid to Deposit 
Account No. 502226- 



The Examiner argues "Bour et al merely teaches a post-growth anneal is not required 
and preference towards not performing a post-growth anneal. Bour et al is solely concerned 
with acceptor activation, while Furukawa et al is also concerned with reducing lattice defects 
and lowering resistivity. Appellants have not considered the teachings of Furukawa et al, 
which provide motivation to one of ordinary skill at the time of the invention to improve the 
activation yield and reduce lattice defects, resulting in a superior product compared to ap- 
type GaN layer, which is not annealed according to the process taught by Furukawa et al." 
See page 7 of, the Examiner's Answer, emphasis in original. 

-1- Serial No. 09/846,980 

PAGE 3135 * RCVD AT 812312004 8:07:53 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306 * CSID:4083820481 * DURATION (mnws):0M2 



PATENT LAW 
CROUP LIT 

2633 N. PniST ST. 
SU1TH 223 
SANIDSE, CA 

(406) 3&>.nun 



08/23/2064 17:12 4083820481 



PATENT LAW GROUP LLP 



PAGE 04/35 



TATRNT LAW 

MM N. FIRST ST. 
SUlTC 223 
JSANJOSd. CA SJ134 

PAX (40fl)JB-(Mftl 



Applicants respectfully submit that the teachings of Bour et al. and Furukawa et al. do 
not provide a motivation to tolerate the problems described by Bour et al. caused by an anneal 
as taught by Furukawa et al Bour et al. implies that an in-situ acceptor activation as taught 
by Bour et al. results in the same level of acceptor activation as the type of anneal taught by 
Furukawa et aL, without the problems caused the type of anneal taught by Furukawa et al. 
Accordingly, in order to combine Bour et al. and Furukawa et al., the motivation to combine 
must be independent from acceptor activation. The Examiner cites reduced lattice defects as 
this independent motivation. However, the language of Furukawa et al, indicates that the 
reduced lattice defects cited by the Examiner as a motivation to combine Furukawa et al. with 
Bour et al. would actually arise from any process that causes acceptor activation, including 
the process of Bour et al. 

1» Bour et al- teaches a process resulting in the same level of acceptor activation 
as an anneal of the type taught bv Furukawa et al. 



Bour et al. teaches a process designed to replace the type of anneal taught by 

Furukawa et al. See ? for example, column 1, lines 51-54, which state "it is an object of this 

invention to provide an in-situ thermal process for acceptor activation for Group TTT-V nitride 

compound semiconductors." The language of Bour et al. suggests that the sam e level of 

acceptor activation can be achieved using the technique of Bour et al. as using an anneal of 

the type taught by Furukawa et al. See, for example, column 6, lines 1 1 -1 9 3 which describes 

Bour et al.'s first embodiment, an in-situ acceptor activation: "acceptor activation is the 

process of atomic H weakly bonded to Mg or Zn dopant atoms that are broken by a thermal 

anneal process over a sufficient period of time. The activation process should be easily carried 

out In a period of about 5 minutes to about 20 minutes depending* of course, on the reactor 

temperature. After the proper length of time to achieve activation, the reactor is permitted to 
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cool down to room temperature so that substrate 17 may be removed from the reactor for 
further processing." The last two sentences of this passage in Bour et al. suggest that the 
process taught by Bour et al cat) be adjusted, for example by adjusting temperature or time, to 
achieve the same acceptor activation result as the type of anneal taught by Furukawa et al. 
Nothing in Bour et al. teaches or suggests that the process advocated by Bour et al. results in 
inferior acceptor activation than the type of anneal taught by Furukawa et al. As a result, 
absent some other motivation unrelated to acceptor activation, there can be no motivation to 
tolerate the problems associated with Furukawa et al.'s anneal when Bour et al. teaches a 
method that avoids the anneal and results in the same level of acceptor activation. 

2. Furukawa et al. teaches that reduction in defects arises from any acceptor 
activation process, including the process of Bour et al. 



The Examiner cites reducing crystal defects as a motivation, unrelated to acceptor 

activation, to combine Bour et al. and Furukawa et al. However, Furukawa et al. clearly states 

that reduced crystal defects is a result of improved acceptor activation, and thus any process 

that improves acceptor activation, including the process of Bour et al., would be expected to 

result in reduced crystal defects. See, for example, the last sentence of the abstract, which 

states "[according to the annealing process, the p-type impurity can be more effectively 

activated, so that p-type gallium nitride compound semiconductor layers which have fewer 

crystal defects, etc. and have lower resistivity can be formed." The construction of this 

sentence indicates that ''fewer crystal defects" is an effect of "the p-type impurity [is] more 

effectively activated." Though in the case of Furukawa et al., the desired activation is a result 

of Furukawa et al.'s annealing process, a person of skill in the art would expect that any 

process that effectively activates acceptors, including the process of Bour et al., would result 

in fewer crystal defects and lower resistivity. Accordingly, since Bour et al.'s process is 
| .3. Serial No. 09/846,980 
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expected to result in the same benefits as the anneal of Furukawa ct al., there is no motivation 
to tolerate the problems associated with Furukawa et al.'s anneal by combining it with Bour et 
aL 

In conclusion, as set forth in Applicants' Appeal Brief, Applicants believe that Bour et 
al. teaches away from combination with Furukawa et al., and therefore Bour et al, and 
Furukawa et al cannot be combined. In addition, as set forth above, Applicants respectfully 
submit that given the teachings of Bour ct al. and Furukawa et al., a person of skill in the art 
would expect that the process described by Bour et al. would result in the same acceptor 
activation and would provide the same benefit of reduced crystal defects as the anneal taught 
by Furukawa et al As a result, there is no motivation to combine Bour et aL and Furukawa et 
al. and by doing so tolerate the problems of Furukawa et al.'s anneal described by Bour et aL 

Applicants respectfully request that the Examiner's rejection be reversed. 



Certi ficali on o F FacRi mil c Transmi ssion 

I hereby certify that this paper is being facsimile transmitted 
to the U-S. Patent and Trademark Office on the date shown 

sISSSVc^ Date 1 



Respectfully submitted, 




Rachel V. Leiterman 
Attorney for Applicants 
Reg. No. 46,868 
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APPENDIX 

I . A method for manufacturing a p-type III-V nitride compound semiconductor 

I comprising: 
growing in a chamber a ni-V nitride compound semiconductor layer at a first 
temperature while introducing acceptor impurities into said layer to form an acceptor-doped 
layer, said chamber containing one or more gases providing hydrogen such that said hydrogen 
passivates at least some of said acceptor impurities; 

cooling said acceptor-doped layer to a second temperature significantly lower than 
said first temperature during a cool-down process; / 

preventing additional hydrogen from diffusing into said acceptor-doped layer 
substantially during the cool-down process; 

causing said acceptor-doped layer to be a p-type layer, having p-type conductivity and 
a hole density between approximately 3xlO I5 cm" 3 and lxlO^cm" 3 , after said cool-down 
process; and 

after said cooling, heating said p-type layer to a third temperature greater than the 
second temperature and less than. 625 g C to remove hydrogen from said p-type layer thereby 
increasing said hole density and lowering the resistivity of said p-type layer. 

3. The method of Claim 1 wherein said preventing additional hydrogen from 
diffusing into said acceptor-doped layer comprises preventing gases containing hydrogen 
from entering said chamber during said cool -down process and removing hydrogen in said 
chamber during said cool-down process. 

4. The method of Claim 1 wherein said preventing additional hydrogen from 

PATENT LAW 
CftOUr r.LP 

^sSrSS"" diffusing into said acceptor-doped layer comprises forming an n-typc semiconductor layer cap 

SAN JOSE, CA 15\M 

PA*(*<*>Mz-wjn over ^^.^ acceptor-doped layer prior to said cool-down process. 

5. Die method of Claim 1 wherein said causing said acceptor-doped layer to be a 

-5- Serial No. 09/846,980 
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p-type layer prior to said annealing comprises treating a surface of said acceptor-doped layer 
to increase said hole density at said surface to be greater than 3xl0 15 cm" 3 . 

6. The method of Claim 5 wherein said treating said surface comprises 
chemically etching said surface. 

7. The meth od of Claim 5 wherein said treating said surface comprises plasma 
etching said surface. 

8. The method of Claim 5 wherein said treating said surface comprises plasma 
cleaning said surface. 

9. The method of Claim 5 wherein said treating said surface comprises 
chemically cleaning said surface. 

10. The method of Claim 9 wherein said chemically cleaning said surface 
comprises cleaning said surface in a solution of at least one of KOH, NaOH, and NHdOH. 

1 1 . The method of Claim 5 wherein said treating said surface comprises 
ultrasonically cleaning said surface. 

12. The method of Claim 5 wherein said treating said surface comprises irradiating 
said surface with an electron-beam, 

13. The method of Claim 5 wherein said treating said surface comprises exposing 
$aid surface to electromagnetic radiation, 

1 4. The method of Claim 1 wherein said growing an acceptor-doped layer results 
in acceptor impurities in said acceptor-doped layer having greater than 90% passivation prior 
to said cool-down process. 

1 5- The method of Claim 1 wherein, after said cool-down process, said hole 

PATENT 1>\V 

^JS"' density is greater than 3x1 0 l0 cm -3 . 

SAN ;D*!T?, CA 
(■US) 33MWM 

PAx^umm ^ The method of Claim 1 wherein said introducing acceptor impurities comprises 

doping said semiconductor layer to have a density of acceptor impurities greater than 
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5x10 lS cm-\ 

17. The method of Claim 1 wherein said annealing is carried out at a temperature 
in the range of 100-625°C. 

18. The method of Claim 1 wherein said annealing is carried out at a temperature 
below 400°C. 

1 9. The method of Claim 1 wherein said growing in a chamber an acceptor-doped 
layer is performed in a chamber different from a chamber in which said p-type layer is 
annealed. 

20. The method of Claim 1 wherein said annealing is carried out after said cool- 
down process prior to any further processing of said p-type layer. 

21. The method of Claim 1 wherein said growing in a chamber an acceptor-d oped 
layer further comprises growing a III-V nitride compound n-doped semiconductor layer to 
form a light emitting diode. 

22. The method of Claim 21 wherein said acceptor-doped layer is grown 
subsequent to said n-doped semiconductor layer, 

23. The method of Claim 1 further comprising growing additional one or more III- 
V nitride compound acceptor-doped layers and causing said additional one or more acceptor- 
doped layers to be p-type prior to said annealing. 

24. The method of Claim 1 wherein said annealing is carried out solely to remove 
said hydrogen from said p-type layer. 

25. The method of Claim 1 wherein said annealing is carried out to remove said 
hydrogen from said p-type layer as well as to anneal or alloy a p-type ohmic contact. 

26. The method of Claim 1 wherein said growing said acceptor-doped layer 
comprises growing a group III-V compound semiconductor including gallium and nitrogen. 

27. The method of Claim 1 wherein said acceptor impurities comprise magnesium. 

-7- Serial No. 09/846,980 
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28. The method of Claim 1 wherein said annealing is carried out in a gas 

environment containing N2. 

29. The method of Claim 1 wherein the resistivity of said p-type layer prior to said 

annealing is less than 5000 ohm-cm . 

30. The method of Claim 1 wherein the resistivity of said p4ype layer prior to said 

annealing is less than 30 ohm-cm. 

31. A method for manufacturing a p-typc III-V nitride compound semiconductor 

comprising: 

growing in a chamber a III-V nitride compound semiconductor layer at a first 
temperature while introducing acceptor impurities into said layer to form an acceptoT-doped 
layer, said chamber containing one or more gases providing hydrogen such that said hydrogen 
passivatcs at least some of said acceptor impurities; 

cooling said acceptor-doped layer to a second temperature significantly lower than 
said first temperature during a cool-down process, thereby causing said acceptor-doped layer 
to be a p-type layer, having p-type conductivity and a hole density between approximately 
3xl0 15 cm* 3 and lxl0 ]8 cm~ 3 , after said cool-down process; and 

after said cooling, heating said p-type layer to a third temperature greater than the 
second temperature and less than 625°C to remove hydrogen from said p-type layer thereby 
increasing said hole density and lowering the resistivity of said p-type layer. 

32. The method of Claim 3 1 further comprising substantially preventing additional 
hydrogen from diffusing into said acceptor-doped layer during said cooling process. 

33. The method of Claim 32 wherein said preventing additional hydrogen from 
diffusing into said acceptor-doped layer comprises preventing gases containing hydrogen 
from entering said chamber during said cool-down process and removing hydrogen in said 
chamber during said cool-down process. 
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34. The method of Claim 32 wherein said preventing additional hydrogen from 
diffusing into said acceptor-doped layer comprises forming an n-type semiconductor layer cap 
over said acceptor-doped layer prior to said cool-down process. 

35. The method of Claim 31 further comprising treating a surface of said acceptor- 
doped layer to increase said hole density at said surface to be greater than 3xl0 15 cm~ 3 . 

36. The method of Claim 35 wherein said treating said surface comprises 
chemically etching said surface. 

37. The method of Claim 35 wherein said treating said surface comprises plasma 
etching said surface. 

38. The method of Claim 35 wherein said treating said surface comprises plasma 
cleaning said surface. 

39. The method of Claim 35 wherein said treating said surface comprises 
chemically cleaning said surface. 

40. The method of Claim 39 wherein said chemically cleaning said surface 
comprises cleaning sai d surface in a solution of at least one of KOH, NaOH, andNI^OH. 

41 . The method of Claim 35 wherein said treating said surface comprises 
ultrasonically cleaning said surface. 

42. The method of Claim 35 wherein said treating said surface comprises 
irradiating said surface with an electron-beam. 

43. The method of Claim 35 wherein said treating said surface comprises exposing 
said surface to electromagnetic radiation. 

44. The method of Claim 3 1 wherein said growing an acceptor-doped layer results 
in acceptor impurities in said acceptor-doped layer having greater than 90% passivation prior 
to said cool -down process. 

45. The method of Claim 3 1 wherein, after said cool-down process, said hole 
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density is greater than 3xlO t6 cm~\ 

46. The method of Claim 3 1 wherein said introducing acceptor impurities 
comprises doping said semiconductor layer to have a density of acceptor impurities greater 
than 5x1 0 ls cm~\ 

47. The method of Claim 31 wherein said annealing is carried out at a temperature 

in the range of 1 00-625°C 

48. The method of Claim 3 1 wherein said annealing is carried out at a temperature 

below 400°C. 

49. The method of Claim 3 1 wherein said growing in a chamber an acceptor-doped 
layer is performed in a chamber different from a chamber in which said p-type layer is 
annealed. 

50. The method of Claim 3 1 wherein said annealing is carried out after said cool- 
down process prior to any further processing of said p-type layer. 

5 1 . The method of Claim 3 1 wherein sai d growing in a chamber an acceptor-doped 
layer further comprises growing a ffl-V nitride compound n-doped semiconductor layer to 
form a light emitting diode. 

52. The method of Claim 5 1 wherein said acceptor-doped layer is grown 
subsequent to said n-doped semiconductor layer. 

53. The method of Claim 3 1 farther comprising growing additional one or more 
I1I-V nitride compound acceptor-doped layers and causing said additional one or more 
acceptor-doped layers to be p-type prior to said annealing. 

54. The method of Claim 3 1 wherein said annealing is carried out solely to remove 



said hydrogen from said p-type layer. 

55. The method of Claim 3 1 wherein said annealing is carried out to remove said 
hydrogen from said p-type layer as well as to anneal or alloy a p-type ohmic contact. 
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56. The method of Claim 31 wherein said growing said acceptor-doped layer 
comprises growing a group III-V compound semiconductor including gallium and nitrogen. 

57. The method of Claim 3 1 wherein said acceptor impurities comprise 
magnesium. 

58. The method of Claim 31 wherein said annealing is carried out in a gas 
environment containing N2. 

59. The method of Claim 3 1 wherein the resistivity of said p-type layer prior to 
said annealing is less than 5000 ohm-cm. 

60. The method of Claim 3 1 wherein the resistivity of said p-type layer prior to 
said annealing is less than 30 ohm-cm. 
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